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This paper discusses a methodology for gathering empirical data on occupant 
views that live in dwellings retrofitted under the Arbed two scheme in wales, UK, 
and also the views of stakeholder’s that delivered and managed the retrofit 
scheme between 2012 and 2014. The analysis of this data is being used to develop 
guidance for managing government funded dwelling retrofit schemes, contrib-
uting to occupant quality of life. The methodology used consists of Causal Loop 
Diagrams, Theory of Change and IDEFØ mapping to systematically map out re-
lationships between activities extracted from the findings of two case studies, 
demonstrating key issues for investigation. This multi-tool process has been crit-
ical within the process of developing key clusters. The key clusters are fed into 
the IDEFØ mapping system, from analysing the complex tacit knowledge data in 
order to produce guidance documents to be used in government funded residen-
tial retrofit schemes. This paper will be useful for academics, landlords of hous-
ing stock undergoing retrofit measures, scheme managers undertaking large scale 
residential energy and retrofit upgrades, and government agencies funding retro-
fit upgrades to dwellings. 
Keywords: dwelling retrofit, occupant quality of life, fuel poverty, SF-36 ques-
tionnaire, cluster loop diagram, theory of change, IDEFØ mapping 
1 Introduction 
Wales has seen two completed strategic energy performance funding programs 
known as Arbed 2010-2011 (Arbed one) and 2012-2014 (Arbed two) targeting existing 
dwellings for retrofit energy efficiency upgrades [1]. Arbed three commenced in 2018 
and will be completed in 2021 [2]. The UK, and in particular Wales has some of the 
worst and inefficient dwellings from an energy perspective within Europe, resulting in 
significant fuel poverty and potential impacts upon occupant quality of life [3,4,5].  
The operations, stakeholder involvement and management of the three Arbed 
scheme varies, and so do the processes and procedures of managing such projects, po-
tentially applying to other UK wide or regional government funded retrofit projects. In 
this instance, there is clear evidence from literature and primary data that there is a need 
to develop best practice guidance for operating large scale Government funded projects, 
contributing to occupant quality of life. There have been no studies in the UK that have 
been published which investigate the impacts of dwelling upgrades and decision mak-
ing of stakeholders in Government funded retrofit schemes, upon occupant quality of 
life [6,7]. Neither have there been any studies published that uses IDEFØ mapping of 
such retrofit schemes to analyse and illustrate the interview date, potential contributions 
to knowledge and practice. Hence, this project is attempting to fill this gap by inter-
viewing key Arbed two stakeholders to assess specific aspects of the project manage-
ment and delivery. This paper discusses the first element of this work which is stake-
holder interviews, Causal Loop Diagram (CLD) [8], Theory of Change (ToC) [9] anal-
ysis and how this is fed into the IDEFØ for mapping. This methodology will help to 
deliver process and guidance maps for the management of Government funded dwell-
ing retrofit programs, contributing to occupant quality of life. 
2 Background and Context 
The Institution of Engineering and Technology (IET) stated in 2018 that “The most 
efficient way for the UK to achieve 2050 standards in social housing is for the providers 
to invest money that would have been spent over 30 years on repairs and maintenance, 
on long-term refurbishment.” [10]. The report also supports the idea that "Deep retrofit 
of housing should not be considered purely from an energy efficiency and carbon emis-
sions standpoint but should be fully integrated into the plans for a thriving and resilient 
local economy that meets the current and future needs of citizens" [ibid]. The awareness 
of worldwide greenhouse gas usage and energy consumption is a common topic both 
in the news and regulation changes [10,11]. With Brexit a topical subject in 2018/19 in 
the UK news, energy consumption, the UK’s growing housing stock, fuel prices and 
fuel poverty are all factors in debate and discussion [12]. Considering the uncertainty 
of future weather conditions, fuel levels and economic stability, there has never been a 
more urgent time to retrofit existing housing stock, as 80% of the homes UK habitants 
will be living in by 2050 have already been built [10]. 
 This KESS2 PhD research project is undertaken in collaboration with Melin Homes, 
a registered social landlord. Melin Homes whose Being Greener team managed the 
Arbed two scheme in south Wales [6,13]. This KESS2 project takes into consideration 
the sensitive social and economic matters in 2018/19, and investigates country wide 
government funded retrofit projects, to ensure best practice of improving occupant 
quality of life, including health and wellbeing, thermal comfort and fuel poverty in a 
holistic manner. With rising fuel prices in 2019, there are questions about whether or 
not current (2019) retrofit schemes of dwellings are taking into consideration variables 
which may impact the alleviation of occupant fuel poverty in the future. This PhD will 
 
address this need through stakeholder interviews engaged in retrofit schemes and oc-
cupants in retrofitted dwellings in Wales. The findings are being used to develop a 
methodology for combined occupant and stakeholder engagement, and to produce guid-
ance informing the management of future retrofit schemes for quality of life. In addi-
tion, the study will help with current and continuous development of retrofit solutions, 
indicators, guidance, and procedure mapping documents to allow for best practice. Fur-
thermore, it will provide data for ongoing and continuous learning and research for 
retrofit projects in line with occupant health and wellbeing, thermal comfort and fuel 
poverty. 
2.1 Gap in knowledge and practice for occupant quality of life 
The UK has set targets to meet the Paris Agreement, starting in 2020, aiming to limit 
the increase in global average temperature to 1.5°C [14]. In addition to this, publicly 
available specification (PAS) 2050 standards [10,15] backs this up and aims at reducing 
global emissions by 80-95% [ibid]. PAS 2030 is a standard setting out requirements all 
Green Deal and Energy Company Obligation (ECO) installers must comply with [16]. 
PAS 2030 standards are being updated, and a release of the newly refined PAS 2035 
standards prepared by the British Standards Institution (BSI) Retrofit Standards Task 
Group are set to be published mid 2019 [17]. In addition to this, Wales has seen the 
Well-Being of Future Generations Act legislated (WbFGA) and effective since 2015, 
focusing on seven pillars to enhance wellbeing goals [18]. What is currently missing in 
the above literature and guidance is information regarding occupant quality of life liv-
ing in dwellings that are retrofitted from government funded dwelling retrofit schemes. 
In particular, managing such projects contributing to occupant quality of life while ad-
hering to the literature discussed above. Therefore, the gap in knowledge is a method-
ology to collect views on such matters from occupants and stakeholder engaged in man-
aging and delivering the retrofit scheme, in turn will deliver guidance and process mod-
els with regards to delivering occupant quality of life within government funded retrofit 
dwellings. The project seeks to make contribution to knowledge and practice by devel-
oping and testing a methodology for obtaining empirical data about the health and well-
being of occupants, and also the decision making by key stakeholders following the 
management of Government funded dwelling retrofit schemes. In addition, to develop-
ing and testing a methodology using a tacit knowledge analysis tool known as IDEFØ 
mapping, to analyse the complex decision making of stakeholder groups. Using these 
findings could help to develop guidance for the decision making of Government funded 
dwelling retrofit schemes that aim to contribute to occupant quality of life. 
3 Methodology 
3.1 Case Study One: Hybrid Short Form 36 Health Survey 
Following the findings from the Hybrid Short Form 36 Health Survey (HSF36) on 
Arbed two occupants and results interpreted using the RAND scoring system [19], and 
labelled case study one, it was demonstrated the Arbed two occupant responses follow-
ing retrofit measures, occupants had a more positive result to ‘Physical functioning, 
Role limitations due to physical health, Energy/fatigue, Emotional wellbeing, Social 
functioning, and General health’. Only their ‘Role limitations due to emotional prob-
lems’ and ‘Pain’ scored the same when comparing before retrofit measures and after 
retrofit measures of the Arbed two project. The successful outcome of case study one 
method using the HSF36 demonstrated that the Arbed two scheme overall had a posi-
tive impact on occupant quality of life. What was also clear and demonstrated in the 
findings [19] was the need to explore stakeholder involvement of the Arbed two project 
to gather further evidence of the management and delivery processes and whether there 
were impacts on occupant quality of life.  This second stage of empirical data collection 
is referred to as case study two hereafter with an approach focusing on stakeholders 
engaged in Government funded dwelling retrofit schemes in the UK. 
3.2 Case Study Two: Arbed two Stakeholder Engagement 
Case study two concentrates on undergoing Arbed two stakeholder interviews inves-
tigating aspects of project operations and management, occupant wellbeing, fuel pov-
erty, project aims, and further suggestions for the Arbed two project. The questionnaire 
was approved by ethics at Cardiff Metropolitan University in August 2018. Case study 
two interview questionnaire is based on the stakeholders’ skills, opinions and experi-
ence around the Arbed two project. 42 stakeholders were identified by the industrial 
partner’s database of the Arbed two scheme; and 14 of the 42 (33% of sample group) 
stakeholders were interviewed by the first author between September 2018 and Novem-
ber 2018. The interviews have collected a range of valuable data which is outlined in 
the results section below. Case study two uses the findings and learning from case study 
one, where a short, open ended interview questionnaire was developed by the first au-
thor. This allowed for discussion between the lead researcher and the Arbed two stake-
holders, ensuring relevant information was provided for the potential of understanding 
gaps in Arbed two scheme delivery. The qualitative findings have been analysed and 
the complex tacit knowledge data had to be extracted and analysed in stages to ensure 
the data was used appropriately and accurately. Due to the complexity of the tacit 
knowledge, it was decided to build on earlier work by Littlewood [20] who managed 
the interviews of stakeholders who were engaged in the government funded sustainable 
urban regeneration of the Swansea High Street project by using the analysis tool IDEFØ 
mapping [7]. 
3.3 IDEFØ Mapping Tool  
To map and compare the complex tacit knowledge generated by the interviews in case 
study one and two IDEFØ mapping has been used. IDEFØ mapping is an advanced 
level of sophistication for knowledge encoding [21]. IDEFØ offers a language able to 
model complex functions and thus the use of IDEFØ is justified by the fact that one of 
its most important features is that it gradually introduces greater levels of definitions 
(or detail) within a complex process. In fact, whether as a communication tool, IDEFØ 
 
enhances involvement and consensus decision-making through simplified graphical de-
vices. At the same time IDEFØ is an analysis tool, it assists the modeller in identifying 
what functions are performed, and what is needed to perform those functions, and (con-
sequentially) it highlights what the current system does, and what the current system 







Fig 1: Elementary information of a basic IDEFØ diagram [22] 
The mapping of decision making in Government funded dwelling retrofit schemes is 
a matter as complex as the activity of dwelling retrofit itself. Therefore, the author has 
used Toledo and Littlewood’s (2013) approach to IDEFØ mapping [20] with a twist of 
incorporating CLD and ToC to the process. Tacit knowledge is complex in its nature, 
but to try and compare between stakeholders’ personal and professional beliefs is even 
more complex [23]. As such IDEFØ mapping provides one method to explore stake-
holder knowledge and the authors suggest the vision of the Arbed two retrofit scheme 
impacting upon occupant quality of life. Open coding will be used to break down and 
categorise the data from the case studies with the assistance of the CLD [24] and ToC 
diagrams [9] mentioned in Section 4 [21]. 
4 Interpretation and results 
Case study one and two has brought together interesting data including tacit 
knowledge data, which has led the use of a multi-tool analysis approach using CLD 
[24], ToC [9] and IDEFØ [21]. This has led to the development of decision-making 
maps.  This section discussed the process and methods used to analyse case study two 
interview data and once the interviews are completed will lead to the development of 
guidance documents. 
4.1 Causal Loop Diagram (CLD) and Theory of Change (ToC) 
CLD demonstrates in a visual format how key activities or variables interconnect 
within a system [24]. CLD’s are an ideal way of demonstrating looped connections 
such as the relationship between activities, for example within the Arbed two project. 
Data collected demonstrated that the key nodes of the CLD in the context of case study 
one and two were: occupants, quality of life, quality of work, management and ill 
health. The nodes and edge relationships of the CLD are marked with positive or neg-
ative links to demonstrate the type of relationship they have with each-other. These 
relationship links are beneficial for developing a ToC to logically map out causal link-
ages between detailed outcome boxes derived from CLD nodes and edges. This ap-
proach was used to exercise how the Arbed two project is contributing to occupant 
quality of life, and if there were further operational steps or requirements which needed 
to be undertaken. 
4.2 Case Study Two Results Overview 
From the 14 stakeholder interviews, the key project findings and issues related to; 
technical knowledge, project management skills and tools, communication, quality of 
processes, and workmanship. In addition, the organisational structure of the project 
teams proved unsuitable during enabling works and at the beginning of the Arbed two 
scheme, demonstrating that there was a lack of ownership and communication relation-
ships. With this data, and from the development of the ToC including case study one 
data, a requirement to developing appropriate project team structures for adequate com-
munication, roles and responsibilities, and quality of work were key outcomes. In ad-
dition, a requirement for staff training and adequate resourcing to ensure adequate man-
agement, knowledge and experience is in place were also critical factors of ensuring 
effective retrofit projects with contribution to occupant quality of life.  
 Quality of work [4] and the need for technical knowledge is something that requires 
further investigation due to the recurring feedback provided during case study two 
stakeholder interviews. The risk in this instance is that there is a case of large mitigation 
costs following completion of such projects, resulting in a reduction of occupant quality 
of life, but also the result of poor project management [ibid]. The adaptation and im-
plementation of guidance, specifically a process map using IDEFØ mapping may help 
to assist in managing critical issues of initial remedial works, quality management and 
mitigation risks and costs. 
4.3 Interpretation of Results Using IDEFØ 
One of the central aims of using IDEFØ mapping allows the author to determine the 
key triggers and issues in Wales for the dwelling retrofit schemes. A first iteration of 
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Fig 3: IDEFØ layer A6 (first iteration)   
The first approach looks at the control and functions of the IDEFØ map from a re-
searcher’s perspective, reviewing the process where certain functions, inputs or outputs 
may have been missed out or showing lack of detail, ensuring a fully functioning and 
robust mapping system is developed. Fig. 3 demonstrates the overall outcome of the 
map from a wider project perspective, signifying clear process of achieving a method-
ology, KPI’s and the process map using actual outcome data from layers A1 to A5 





















Determine quality of 
work
 
Fig 4: IDEFØ layer A0 (first iteration)   
The key detail in this first iteration is the process of logging the methodology journey 
and re-routing the outcomes back to layer A-0 to undertake a second iteration for vali-
dation using controls and functions from a project viewpoint, managing a government 
funded retrofit project contributing to occupant quality of life. Five key clusters which 
are explored and will be validated by the stakeholders from case study two (in June 
2019) and modified as required are seen in Fig. 4, layer A0. The five titles have been 
developed using case study one and two data, critically detailing steps to undertake the 
project in an appropriate and systematic manner, minimising issues and gaps recorded 
from project data evidence. Greater layers of definition have been mapped out under 
each of the key clusters using this data. The map benefits from a visually and easy to 
use language where project teams can follow the process from project start to comple-
tion. More specifically, it could help with pre-planning tasks as well as process aids for 
specific team groups. Layers A2 and A3 for example can assist a project team with 
information on how to contribute in improving occupant quality of life in the overall 
scheme, how this may be linked to financial implications or project resources, and who 
the team groups for communication may be. This is achieved through the connections 
between title boxes, inputs, outputs, controls and mechanisms. 
5 Discussion 
This paper criticised the importance of developing guidance documents, specifically 
a process map for use in government funded dwelling retrofit schemes, to improve oc-
cupant quality of life. It is shown in literature that current standards and specifications 
do not illustrate guidance or procedures contributing to occupant quality of life when 
retrofitting dwellings. Learnings from Arbed one and two demonstrated critical issues 
relating to key management and project operations of dwelling retrofit schemes high-
lighted by the CLD and ToC process.  The WbFGA legislated 2015 demonstrates seven 
pillars to enhance wellbeing goals [18], one of which is ‘a healthier Wales’, applicable 
to this project. It is clear that the WG fundamental direction of ensuring the WbFGA 
sustainable direction is developed through ‘five ways of working’ [25] which looks at 
long term needs, integrated approaches for wellbeing objectives, involving diversity in 
decision making processes, collaborative working for sustainable solutions, and pre-
vention of root causes and issues. This paper and the guidance being developed through 
IDEFØ mapping is playing a fundamental role in ensuring ‘a healthier Wales’ pillar is 
contributed to through the five ways of working.   
 With a variety of stakeholder groups involved in the project process throughout case 
study one and two stages, covering North and South Wales, this project has a wealth of 
tacit knowledge data being fed into a multi-tool process which has never been used in 
the UK to map processes for government funded retrofit schemes, to improve occupant 
quality of life using IDEFØ. Using the HSF36 health survey as well as Arbed two stake-
holder interview has provided the project with data for multi-disciplinary use adding 
value to academic practice and industry through applied research. In addition, the de-
velopment and industry use of the IDEFØ mapping tool has the potential to have an 
astounding contribution to the way government funded retrofit schemes are run, con-
tributing to the WbFGA goals, gaps in literature and contribution to occupant quality 
of life.  
6 Conclusion 
This paper has discussed the process undertaken to gather empirical data on occupant 
quality of life, as well as stakeholder engagement for the Arbed two scheme. The use 
 
of a multi-tool process has exemplified to be a key process in reducing bias outcomes 
within the IDEFØ map. This is achieved by developing key clusters from case study 1 
and 2 data, forming the CLD, which in turn was used to structure relationships and 
change theories between the functions to form a ToC diagram, derived from the key 
clusters. In addition, the multi-tool process has helped in pre-determining relationships 
and routes within the project process and in turn, easily fed into the mapping of the 
IDEFØ. The IDEFØ process outcome within Fig. 3 has demonstrated the need of such 
visual decision process tool for government funded retrofit schemes, contributing to 
occupant quality of life. The appropriate use of this IDEFØ map within such retrofit 
schemes can play a vital role as a project management tool for stakeholders to ensure 
key functions are undertaken appropriately with the correct tools in place; controls and 
mechanisms following the input of the mapping system. 
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